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Specification 

1. Name of the invention: semiconductor memory 

2. Scope of patent claims 

A semiconductor memory having an address decoder, an address driver a 
static memory cell array, a sense amplifier, and a write-in/read-out control circuit 
comprising a pipeline memory making simultaneous processing of a plurality of ' 
memory access requests possible by providing one or more pipeline latches 
between an input step of the aforementioned address decoder and an output step 
of the aforementioned sense amplifier, a clock generating circuit for inputting 
clock signals applied externally in correspondence to a plurality of ports and 
generating internal clocks of twice the frequency of said clocks used to drive the 
aforementioned pipe line memory, a plurality of address latches to store, 
respectively, the addresses applied to the address terminals corresponding to the 
aforementioned plurality of ports, a plurality of write-in data latche» to store, 
respectively, the written data applied to the write-in data terminals corresponding 
to the aforementioned plurality of potts, a plurality of control signal latches to 
store, respectively, the memory access requests applied to the memory access 
request terminals corresponding to the aforementioned plurality or ports a 
switching circuit to switch, sequentially, and output, per aforementioned internal 
clock, the outputs of the aforementioned address latches, write-in data latches and 
control signal latches corresponding to the aforementioned plurality of ports and 
a plurality of read-out data latches driven, respectively, by the clock signals 
corresponding to the aforementioned plurality of ports, and having a multi-port 
function enabling access from the aforementioned plurality of ports to random 
addresses by assigning, sequentially, the internal clock cycles of the pipeline 
memory to respective ports. 

3. Detailed description of the invention 

industrial field ofuie> 

This invention relates to semiconductor memories, and, specifically, to a 
semiconductor memory having a multi-access function using a pipeline memory 
provided with multiple registers or latches in the memory. 

Conventional technology> 

A semiconductor memory, referred to as a memory with registers or a 
pipeline memory, provided with pipeline registers (or latches) in the memory chip 
has been developed wherein the address/write-in data/read-out data, etc. of the 
request made separately before or after the request being processed in the chip is 
maintained. With this, it has become possible to supply the address to the 
memory externally, supply the write-in data thereto, or to supply the read-out data 
in the memory portion to outside of the chip, independently from the write- 
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in/read-nut operation of the memory itself, as well as to reduce the cycle time of 
the mem ryasa system, and to improve the throughput of the memory system. 

Moreover, since it fa possible to speed tip the cyd ttm itself by 
providing the pipeline latches between the input stage of the address decoder and 
the output step of the sense amplifier and dividing the write-in/read-out operation 
of the memory itself into several stages, and to process independent requests at 
each divided stage, it is possible to improve the throughput of the memory. 

Also, conventionally, the memory referred to as the multi-port memory 
has been commercialized This is a memory having the first and second ports 
which conduct writing-into and reading-out from the address provided externally, 
and at the same time it is possible to access the memory from these two ports. 

<lssues attempted for resolution by the invenlkm> 

The conventional multiaccess memory described above comprises the 
dual port memory which is simultaneously accessible, independent from the two 
ports, and because of that, two sets of address decoders and sense amplifier 
circuits are required, and the memory cell itself becomes complex: therefore, H 
had shortcomings that the chip size became larger, and the price was considerably 
higher compared with the regular memories. 

The objective of this invention is to provide a relatively low priced 
semiconductor memory having a multi-access function. 

<Means to resolve the problematic points> 

The semiconductor memory under this invention is a 
semiconductor memory having an address decoder, an address driver, a 
static memory cell array, a sense amplifier, and a write-in/read-out control circuit, 
comprising a pipeline memory making simultaneous processing of a plurality of 
memory access requests possible by providing one or more pipeline latches 
between an input step of the aforementioned address decoder and an output step 
of the aforementioned sense amplifier, a clock generating circuit for inputting 
clock signals applied externally in correspondence to a plurality of ports and 
generating internal clocks of twice the frequency of said clocks used to drive the 
aforementioned pipeline memory, a plurality of address latches to store, 
respectively, the addresses applied to the address terminals corresponding to the 
aforementioned plurality of porta, a plurality of write-in data latches to store, 
respectively, the written data applied to the write-in data terminals corresponding 
lo the aforementioned plurality of pons, a plurality of control signal latches, to 
store, respectively, the memory access requests applied to the memory access 
request terminals corresponding to the aforementioned plurality of ports, a 
switching circuit to switch, sequentially, and output, per aforementioned internal 
clock, the outputs of the aforementioned address latches* write-in data latches, and 
control signal latches corresponding to the aforementioned plurality of ports, and 
a plurality of read-out data latches driven, respectively, by the clock signals 
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corresponding to the aforementioned plurality .of ports, and having a multi-port 
function enabling access from the aforementioned plurality of ports to random 
addresses by assigning, sequentially, the internal clock cycles of the pipeline 
memory to respective ports. 

<Kmbodiment> 

The embodiments of tins invention are described below in reference to the 
drawings. In the embodiments, it is assumed that for ports, there are two ports, 
i.e. the first port and the second port. 

Mg. 1 shows a block diegram of the semiconductor memory having the 
multi-port memory function in an embodiment of this invention. In this 
embodiment, as far as the pipeline memories are concerned, one step of pipelines, 
namely, row address latch 7 and column address latch 8, are provided between the 
row address decoder S [and the memory ceil array 9}, and the column address 
decoder 6 and the memory cell anay 9. In correspondence thereto* the write-in 
data interim latch 1 6 for latching the write-in data in the interim and the control 
signal interim latch 18 for latching the write-in/read-out control signal in the 
interim are provided. With these, the memory portion is divided into the 2 steps 
of the decode stage and write-in/sense stage in this embodiment. 

In correspondence to the first port, the first address latch 1 , the first write- 
in data latch 13, the first control signal latch 14, and the first read-out data latch 
1 1 are provided. In correspondence to the second port, the second address latch 2. 
the second write-in data latch 21, the second control signal latch 15, and the 
second read-out data latch 12 are provided, and the upper portion and the lower 
portion of the outputs of the first and second address latches 1 and 2 are applied, 
respectively, to the first and second inputs of the row address switching circuit 3 
and the column address switching circuit 4. The outputs of the row address 
switching circuit 3 and the column address switching circuit 4 are applied, 
respectively, to the row address decoder 5 and the column address decoder 6. The 
outputs of the row address decoder 5 and the column address decoder 6 are 
applied, respectively, to the row address latch 7 and the column address latch 8. 
The outputs of row address latch 7 and the column address latch 8 are applied to 
the memory cell array 9, and the sense signal from the memory cell array 9 is 
applied to the sense amplifier 10. The output of the sense amplifier 10 is applied 
to the first and second read-out data latches 1 1 and 12, and the outputs thereof are 
applied, respectively, to the first and second read-out data terminals RDI and 
RD2. 

* 

The write-in data from the first and second ports are applied, respectively, 
to the first and second write-in data latches 13 and 21, the outputs thereof are • 
applied to the first and second inputs of the write-in data switching circuit 22,' and 
the output of the switching circuit 22 is applied to the write-in data interim latch 
16. 
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Tho write-in requests WEI end WE2 from the first and second ports are 
applied, respectively, to the first and second control signal latches Hand 15, the 
outputs thereof are applied to the control signal switching circuit 1 7, and the 
output of the control signal switching circuit 17 is applied to the control signal 
interim latch 18. The output of the control signal interim latch 1 8 is applied to the 
write-in/read-out control circuit 19. 

AH of the latches used in this embodiment comprise, trigger sample typo 
registers wherein the value is set with the rising of the clocks. 

For the clock for the first address latch 1, the first write-in data latch 13, 
the first control signal latch 14 and the first read-out data latch 1 1, the first clock 
signal CLK1 is applied Similarly, the second clock signal CLK2 is applied to the 
second address latch 2, the second write-in data latch 21 1 the first [as is in tho 
original: "second"?] control signal latch IS, and the second read-out data latch 
12. 

* 

The clock generating circuit 23 generates, from the first and second clock 
signals applied thereto, the internal clock signal CLK and the port switching 
signal SEL having the rise, with rising of respective clock. The clock signal CLK 
is applied, as the clock, to the row address latch 5, column address latch 6 [as in 
the original; T and tt B w (for 5 and 6)?], the write-in data interim latch 16 % and the 
control signal interim latch 18. The port switching signal SEL is applied to the 
row address switching circuit 3, column address switching circuit 4, the write-in 
data switching circuit 22, and the control signal switching circuit 17, and outputs 
the first input in the cycle which starts with the rising of the first clock signal 
CLK I and the second input in the cycle which starts with the rising of the second 
clock signal CLK2. 

The write-in/read-out control circuit 19 controls detection of the write-in 
data to the to the memory cell amy 9 and the read-out data from the memory ceil 
array?, 

* 

* 

The pipeline control circuit 20 forms, as the selecting signal SEU a port 
switching signal which becomes "0" in the cycle CI and T in the cycle C2. 

Next, the operation of this embodiment is described. 

In this embodiment, it is assumed that the clocks CLK1 and CLK 2 having 
a different phase by one half cycle [from each other] are applied, respectively, to 
the first and second clock terminals, as shown in Fig. 2. It is assumed that the 
address write-in request, and die write-in data for the first port are ail applied 
having been synchronized so that they may be sampled by this first clock. It Is 
assumed that the same is the case with regard to the address, the address setting 
request, and the read-out request for the second port 
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In this embodiment, the internal cycle specified from the rising of the 
internal lode CLK and the riling [as is in the original] is assigned alternately t 
the first and second-ports. 

Tn other words, it is divided into the cycle Cl which starts with rising of 
the first clock CLJK1 and the cycle C2 which starts with rising of the second clock 
CLK2, and for the decode stage, the cycle Cl is assigned to the first port whereas 
the cycle C2 is assigned to the second port This mil be controlled by the port 
switching signal- SEL. 

* 

* 

The operation in response to the access requests from the first port and the 
second pott is now described in reference to.Fig. 2. 



It is assumed that there are access requests as shown in Fig. 2, such as a 
write-in request of the dataDU to the address All at til has been made for the. 
first port, and a read-out request for the address A12 at U2, etc Similarly, it is 
assumed that there are read-out requests for the second port at t21, t22, t24, etc.. 

* 

The write-in request for the port. 1 at tl 1 is sampled by the first clock 
CLK1, and the address, the write-in request, and the write-in data are stored in the 
address latch ], the write-in data latch 13. and the control signal latch 14 
respectively, and at the same time the outputs of these are applied, respectively, to 
the row address decoder 5, the column address decoder 6, the write-in data 
interim latch 16, and the control signal interim latch 18 via address switching 
circuit 3, column address switching circuit 4, write-in data switching circuit 22, 
and control signal switching circuit 17. 



At the timing of t21 r the decoded outputs are set, respectively, in the row 
address latch 5 and the column address latch 6 as well as in the write-in data 
interim latch 16 and the control signal interim latch 18, and the write-in operation 
for Al 1 address in the memory cell array 9 starts. Concurrently with this, the 
output of the second address latch is selected in the row address switching circuit 
3 and the column address switohing circuit 4, and tfce decode cycle is started by 
the address A21. 

Similarly, at tl2» the decode stage starts by the address A 12, and 
concurrently, the read-out/sense stage is started by the address A21 . At t22>'the 
decode stage by the address A22 and the read-out/sense stage by A12 are started 
and at the same time, the data D21 which has been read-out in the previous cycle 
is set in the second read-out data latch 12. 

* 

Similarly, at the timing of tl3» the decode cycle by A12 and the read- 
out/sense stage by Ai2 are started and concurrently; the dataD12 is set in the first 
read-out data latch 1 1. 
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. As shown in the embodiment of this invention described above, h is 
possible, under this invention, to reafize a multi-port memory which makes the 
write-in/read-out access to any random address from the first and second ports 
possible, without using the memory hiving, in itself, a dual access function. 

Also, in the embodiment of this invention, two clock signals of the first 
and second clock signals with an aberration of the phase by one half cycle from 
each other are applied as the clock sfenala of the first and second ports, but it is 
possible to make them into one clock signal and use the rising and Ailing as the 
timing signal for respective ports. Also, to the embodiment of this invention, 
configuration of the memory itself and spectBc drpiits, etc. of the control circuit 
are not mentioned, since they are not dbectly relevant to the intent of this 
invention, but, it is obvious that they may be realized with the conventionally 
known technology. Also, in this embodiment, the number of ports is made to be 
2, but it is obvious that they may be father increased. . . 

<Effects of the invention> 

As such, it is possible, under this invention, to realize a multi-port memory 
without making the memory cell itself a multi-port configuration, by sequentially 
assigning the cycle time with the speed, accelerated by a shift to the pipeline, to a 
plurality of pons. 

Furthermore, the invention has another advantage that a special element as 
a driving circuit for the periphery is not required, since the clocks provided 
externally, addresses, write-in data, and the read-out data to be out put to the 
outside may be made to V& of the frequency of the internal clock. 

Brief description of the drawings 

Fig. 1 is a block diagram of the semiconductor memory having a multi 
port memory function in an embodiment of this invention, and Fig. 2 is a timing 
chart showing the operation of [what is shown in ] Fig. 1 , 



1,2 — First and second address latches 

3 — Row address switching circuit 

4 — Column address switching circuit 

5 ~~ Row address decoder 

6 — Column address deooder 

7 Row address latch 

8 — Column address latch 

9 — Memory cell array 

1 0 — Sense amplifier 

1 1 — First read-out data latch 
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Second read-out data Inch 

First write-in dtU latch 

Fint and second control signal latches 

Write-in dau imaim latch 

Control signal switching circuit 

Control signal interim latch 
Write-tn/read-out control circuit 
Pipeline control circuit 
Second write-in data latch 
Write-in data switching circuit 
Clock generating circuit 

Attorney: Shin Uchihara, patent attorney 
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